We present the two-loop β-functions for non-standard soft supersymmetrybreaking couplings including non-standard R-parity violating soft terms in the Minimal Supersymmetric Standard Model
Introduction
It is known the MSSM is a gauge supersymmetric extension of the standard model, with the addition of a number of dimension 2 and dimension 3 supersymmetry-breaking mass and interaction terms.The model contains many new couplings, the soft SUSY breaking interactions, which are arbitrary in the low energy effective theory, and the reason for softly breaking terms are to avoid unwanted quadratic divergences. In order to reduce the huge soft susy parameters very specific scenarios have been made about physics at energies much higher than accessible energy such as mSUGRA and CMSSM.
They require an N = 1 supergravity theory at the Planck scale with a superpotential of a very special and poorly motivated form. To obtain experimental predictions, one should extrapolate the values of these couplings to the weak scale by using the renormalisation group equations.
However a class of low-energy supersymmetric models can be constructed by imposing some quite mild assumptions about the structure of the low-energy theory. The highenergy origin of the models is irrelevant to this discussion. It is required that the following hold at the weak scale. First, the theory has minimal particle content consistent with explaining the observed particles and being supersymmetric. This is the strongest of assumptions and is a reasonable starting point. Second, the theory must have no 1 quadratic divergences. The absence of quadratic divergences is a major motivation for low-energy supersymmetry, and one should only allow all supersymmetry-breaking operators they do not cause quadratic divergences . To avoid quadratic divergences, one needs only to prohibit all dimension-four supersymmetry breaking interactions. To see this, notice that supersymmetry breaking is now accompanied by a mass parameter m, so that a quadratic divergence in an operator would have a coefficient proportional to Λ 2 m, where Λ is a cut-off scale. Only dimension-one operators could have such a coefficient. In theories with no scalars which are singlets under all symmetries of the theory, such an operator cannot occur.
An advantage of the model which is based on the above assumptions is that the parameter B is no longer dependent on the µ-parameter. We know in the CMSSM the B parameter is set proportional to µ, and a nonzero B is required for suitable electroweak symmetry breaking. Therefore, µ is required to be roughly of order 10 2 or 10 3 GeV , in order to allow a Higgs vev of order 174GeV. It is hard to understand why this parameter should be so small, and the same size as terms in the supersymmetry-breaking potential. However it is possible to make a model (based on the above assumption), and in this model the parameter µ is no longer required in the supersymmetric potential because the general breaking potential permits a B term which is in principle unrelated to the parameter µ, so it is possible to set µ to zero Ref [2] .
It is well known that the MSSM is not, in fact, the most general renormalisable field theory consistent with the requirements of gauge invariance and naturalness; the unbroken theory is augmented by a discrete symmetry (R-parity) to forbid a set of baryon-number and lepton-number violating interactions, and the supersymmetrybreaking sector omits both R-parity violating soft terms and a set of non-standard (NS) soft breaking terms. There is a large literature on the effect of R-parity violation; a recent analysis (with standard soft-breaking terms) and references appears in Refs. [3, 4, 5, 6] ; for earlier relevant work see in particular Ref [7] . The need to consider NS terms in a model independent analysis was stressed in Ref. [8] ; for a discussion of the NS terms both in general and in the MSSM context see Refs. [9, 10, 11] ;and for modelbuilding applications see for example Refs. [12, 13] . For application of NS R-parity violating terms to leptogenesis, see Ref. [14] .
In a previous paper Ref. [11] we gave the one-loop β-functions for non-standard param-eters in the MSSM context. In this paper we extend the results to two loop corrections in the MSSM context.
The new soft breaking terms
The minimal supersymmetric standard model (MSSM) consists of a supersymmetric extension of the standard model, with the addition of a number of dimension 2 and dimension 3 supersymmetry-breaking mass and interaction terms. It became accepted when it was established that such a configuration is a natural consequence of supergravity when supersymmetry is broken in a hidden sector. However in Ref [9] it has been shown there are the new non-standard soft supersymmetry breaking terms which have no quadratic divergences. These terms are allowed according to the more general philosophy explained in the previous section. Now we review their results for a general N = 1 theory. We know the typical Lagrangian for the MSSM consists of two parts
where LSUSY is the Lagrangian for the supersymmetric gauge theory, containing the gauge multiplet(Aµ, λ that is the gaugino) and a matter multiplet ( the spin-zero field φi and the spin-
fields ψi). We assume a superpotential of the form
A renormalisable superpotential also contains quadratic and linear terms, but we assume there are no gauge singlet fields so there is no linear term, also we assume that an explicit quadratic term is not needed because such a term will be included as a special case from the new soft breaking terms Ref [9, 11] . A general soft breaking
Lagrangian that prevents quadratic divergences is given by:
where L new Sof t introduces further possible dimension 3 terms in the case of a wide range of theories which preserve naturalness. It is given by:
The mA term is only possible in the presence of adjoint matter fields [15] . 
A solution to Eq (5.5) comes from modifying the superpotential W as follows:
since this new superpotential gives the appropriate fermion mass and interaction.
There are other possibilities, such as,
Of course if there is no gauge singlet chiral superfields then r
holds automatically. Therefore, in most cases in the MSSM we can keep these new soft breaking terms.
Non-standard terms in the MSSM
Now we present the case of the MSSM in the most general possible softly-broken version of the MSSM incorporating both R-parity violating (RPV) and non-standard (NS) terms. We include all possible soft supersymmetry breaking terms consistent with gauge invariance, which split the masses and couplings of particles and superpartners, but which do not remove the supersymmetric protection against large radiative corrections to scalar masses. It is interesting that, as we shall see, with the generalisation to the RPV case the connection between the NS terms and cubic scalar interactions involving supersymmetric mass terms is not universal.
We review the MSSM Lagrangian including all terms which avoid quadratic divergences. The superpotential is defined by
where WR and WNR have been given by Eq (4.2) and (4.3). However, we classify these parts again, and omit possible mass terms H1H2 and LH2 because they are the have been presented in [16] . The two loop gauge β functions and anomalous dimensions in the R-parity violating (RPV) case have been calculated in [17] . In particular, Ref [6] contained a complete set of one-loop β-functions for RPV parameters. The full two loop β-functions for the RPV couplings have been presented in [3, 18] . In this paper, we shall write down explicitly all possible R-parity violating terms in the framework of the Minimal Supersymmetric Standard Model, assuming the most general breaking of the MSSM incorporating both R-parity violating (RPV) and non-standard (NS)
terms, and then compute results of two loop β-functions for all non-standard (NS)
parameters of the MSSM in the most general possible softly-broken version of the MSSM. Here we give the full two-loop β-functions including NS soft terms and RPV terms.
The two loop-β-functions for R1,·9 are given as follows: In this paper we have expanded the study of the RG evolution of non-standard soft terms up two loop, and presented the two-loop renormalisation of the R-parity violating extension of the MSSM with the most general possible set of soft breaking terms consistent with naturalness.
Typically, we expect effects of the two loop β-functions make a difference of several percent in compare with effects of one loop on the standard running analysis such as
Higgs physics and the scalar quark sector of the MSSM; however it is quite difficult to make consequential estimates of the size of the two-loop corrections without committing to a specific model. Moreover it is desirable from the point of view of consistency to use the full set of β-functions
